Isolated rabbit hearts were perfused with a suspension of red cells which assured adequate oxygenation. Ouabain added to the perfusate (2.8 X 10~7 M final concentration) promptly increased the force of contraction and oxygen consumption of the hearts. These events appeared to occur simultaneously. The extraction ratio of palmitate-l-14 C added to the perfusate (0.31) was not altered by ouabain. However, ouabain increased the oxidation of the extracted palmitate from an average of 34% to an average of 71% at the time intervals studied.
• Cardiac glycosides increase the uptake and oxidation of glucose by the nonfailing heart (1) as do epinephrine and glucagon (2) . We have observed that the inotTopic action of catecholamines in the perfused rabbit heart is accompanied by increased oxidation of free fatty acids (FFA) (3) . Here we report a study of the effect of ouabain on force of contraction, oxygen consumption, and metabolism of FFA in this preparation.
Methods
The methods of isolating and perfusing rabbit hearts have been described (4) . In brief, the hearts were placed in a modified Langendorf apparatus (5) and perfused (10 ml/min) with a nonrecirculating 20% suspension of bovine red cells (96-100% oxyhemoglobin) in Chenoweth's solution (6) . The perfusion fluid was aerated with air containing 3% CO 2 . Bovine serum albumin complexed with a tracer quantity of palmitate-1-U C was added to the perfusion fluid in a final concentration of 0.05%. Ouabain was added at a constant rate through a side arm of the apparatus to give an "arterial" concentration of 2.8 X 10~7 M. This concentration produced a definite and sustained increase in force of contraction without arrhythmias. Samples from the pulmonary arterial cannula and from the reservoir just above the heart were collected in oiled syringes for determination of O;, content (7) and directly into oximeter cuvettes (American Optical Company) for determination of O 2 saturation. Other samples collected from the pulmonary arterial cannula were analyzed for 14 CO 2 and "C-FFA (4). The force of contraction was determined with a strain gauge (8) attached to the left ventricle and recorded continuously with a Grass Polygraph. Force is expressed in arbitrary units as millimeters of pen deflection. The heart rate was counted at intervals.
Results
The extraction ratio of palmitate-l-14 C was 0.31 at each time interval (Fig. 1 ). The addition of ouabain had no effect on the extraction ratio. The percent of the extracted palmitate oxidized to "CO2 increased with time in both the control hearts and in hearts given ouabain. However, the extracted palmi tate-l-14 C oxidized to 14 CO 2 increased from an average of 3435 in the control hearts to an average of 71? in the hearts receiving the glycoside.
In 8 hearts, the O 2 content of the perfusate in the reservoir and in the pulmonary artery was measured before and 20 min after the In 11 other experiments, changes of O2 saturation of the perfusate (pulmonary artery ) and the force of contraction were measured at 1-min intervals before and after the addition of ouabain. Decrease in O2 saturation and increase in force of contraction occurred within 1 min after addition of ouabain ( Fig. 2) . No effect of the glycoside on heart rate was noted (mean before ouabain, 159; after ouabain, 160).
Discussion
Oxygen consumption.-It is generally agreed that cardiac glycosides increase the force of contraction of the myocardium (9), but opinion differs as to its effect on oxygen consumption. Wollenberger (10) demonstrated increased oxygen consumption in slices of guinea pig heart. Samoff and his associates (11) reported increased force of contraction but not increased oxygen consumption in the isolated supported dog heart when hemodynamic variables were kept constant, whereas Covell and his associates (12) observed that the increased velocity of shortening of myocardial fibers was accompanied by increased oxygen consumption in the nonfailing dog heart. The reasons for the differences concerning the effect of cardiac glycosides on myocardial oxygen consumption are not certain. However, Covell and associates postulate that the increase in oxygen consumption anticipated from the positive inotropic effect of digitalis may be masked in failing hearts by its action to decrease enddiastolic pressure and volume. In our preparation, the ventricles were empty, so that these factors are not pertinent. We observed that ouabain produced a prompt and parallel increase in force of contraction and oxygen Circaistitm Rtitarcb, Vol. XXI, October 1967 consumption in keeping with the concept that the inotropic effect requires increased production of energy-rich intermediates.
Substrate UtiUzation.-Blain et aL (13) reported no significant increase in uptake of glucose or other substrate by the human heart following digitalization. Kreisberg and Williamson (2), however, reported increased uptake and oxidation of glucose-U-14 C by perfused guinea pig and rat hearts. Kien and Sherrod (1) also observed increased utilization of 14 C-glucose by the myocardium of intact dogs following digitalization, and concluded that cardiac glycosides act on the myocardium by augmenting the metabolism of glucose. However, our results demonstrate that oxidation of free fatty acids (FFA) is also increased by glycosides and show further that this is associated with increased oxygen consumption.
FFA taken up by the myocardium are presumed to be rapidly activated to CoA derivatives and subsequently to be either stored in ester form or oxidized to COj. In the perfused heart preparation given ouabain, more of the flux of FFA is diverted to oxidative reactions. The lack of effect of the glycoside on uptake of FFA is difficult to explain. The initial transfer of FFA from the albumin binding sites to tissue binding sites is a very rapid reaction and the extent of the transfer is thought to be related to the relative affinities of these sites (14) . Apparently, the subsequent fate of the FFA molecules within the tissue has little effect on the partition of FFA between albumin and the tissue sites.
Kreisberg and Williamson found that the effect of ouabain on levels of glycolytic intermediates in the heart resembled that of epinephrine and glucagon (2) . In the present study, the increased oxidation of FFA produced by ouabain, together with increased consumption of oxygen and contractile force, closely resembles the effects of catecholamines in this preparation (3). Since both catecholamines and ouabain increase the force of contraction and the oxygen consumption of the heart, it seems likely that the increased oxidation of substrates observed by us and by others is the result of the increased expenditure of energy.
